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1.1. ‘Credit card’ libraries for inhibition of HIV-1 gp41
The desire for therapeutic small-molecule inhibitors of
HIV-1 infection remains strong. In the past decade,
increased knowledge of viral entry mechanisms has
facilitated the design of novel clinical tools and marketed
drugs which target a number of entry points in the viral life
cycle. Amongst these approaches has been the design of
compounds that can intercept the virus before it invades
the cell, unlike most current anti-HIV-1 drugs which act
only after infection occurs. In principle, HIV-1 entry inhib-
itors could also be used as prophylactic agents to assemble
a barrier against initial infection.
The viral transmembrane glycoprotein gp41 is of interest in
this regard due to its critical role in viral fusion. The HIV-1
virus enters a target cell by fusion of the viral envelope and
the cell membrane, followed by release of viral genetic
material into the cell. This process is mediated by viral
envelope (Env) glycoproteins gp120 and gp41, both derived
from precursor protein gp160. Fusion of the virion with the
target cell is triggered by gp120 binding to the CD4 cell sur-
face protein and then to one of a group of chemokine co-
receptors on CD4+ target cells, such as CCR5 or CXCR4.
This ligand-receptor binding induces a conformational
change in gp120 that converts gp41 to its fusogenic form.
These conformational changes position the gp41 fusion
peptide near the target cell membrane, leading to viral
entry.
The gp41 subunit of the HIV-1 Env glycoprotein represents
therefore an interesting target for the development of viral
fusion inhibitors. A gp41 C-terminal peptide, FuzeonTM, is
marketed for treating HIV-1 infection. While the search for
peptide based fusion inhibitors has been successful, the
identiﬁcation of small molecule HIV viral fusion inhibitorsdoi:10.1016/j.comche.2006.09.001
E-mail: nterrett@ensemblediscovery.comremains a diﬃcult challenge. This search is given impetus
by the fact that small-molecule inhibitors almost invariably
exhibit improved pharmacokinetic proﬁles and oral
bioavailability.
In an eﬀort to discover small-molecule inhibitors targeting
gp41 fusogenic activation, Janda and colleagues have ap-
plied their ‘credit card’ library approach to gp41 research.
The chemical structures of these libraries are based upon
ﬂat rigid scaﬀolds, decorated with functionalities that span
a wide range of size, polarity, aromaticity, and hydrogen-
bonding capability. The rationale for the design of the
library scaﬀold is based on the concept of the ‘hot
spot’—a region in the protein–protein interface that is rich
in aromatic residues and contributes to stability and overall
quaternary structure. Through the binding of a planar
aromatic residue, one may expect to see a disruption of
protein-protein interactions. Applying this logic, Janda
and colleagues have demonstrated that two credit card
libraries inhibit the HIV-1 gp41 fusogenic core formation
and HIV-1 replication.1
In this recently published work, credit card libraries were
based upon scaﬀolds displaying planar, aromatic core
structures, such as naphthalene and quinoline. The Ugi
four component condensation (4CC) reaction was utilised
to introduce functional diversity to the general a-acylamino-
amide core (i), and a wide range of structural elements were
introduced through variation of size, polarity, aromaticity,
and hydrogen-bonding capability. By this approach, 285
compounds were synthesised in solution as singletons and
one of the most potent compounds isolated was (ii) which
possessed an IC50 of 38.26 lM for fusogenic core forma-
tion inhibition. An ELISA assay was used in which the
six-helix bundle (6-HB) formed by N36 and C34 was cap-
tured by rabbit polyclonal antibodies and detected by a
mouse monoclonal antibody termed NC-1, which speciﬁ-
cally recognises the discontinuous epitopes on this quater-
nary complex. This assay speciﬁcally identiﬁes small
molecule HIV-1 inhibitors that target gp41. Thus, this
work has identiﬁed a novel series of aromatic-based
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could serve as a starting point for the ultimate clinical
development of a potential treatment for HIV-1.N
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(iv)1.2. Chiral tri-amine and tetra-amine l opioid receptors
ligands
Solid-phase parallel synthesis is used to generate libraries
of small organic compounds with the intention of acceler-
ating drug discovery. Much of the chemistry performed
on solid-phase is well understood and it is possible to ob-
tain excellent synthetic yields and purity during, for exam-
ple, the solid-phase synthesis of peptides. Chemical
modiﬁcation of peptide libraries enables the generation of
peptidomimetic libraries and low molecular weight, small
molecule organic libraries. Peptide libraries have been suc-
cessfully modiﬁed by exhaustive alkylation of their amide
bonds to yield peptidomimetics and/or by reduction of
the backbone amide carbonyl groups to yield polyamines.
The amine functionality is a critical factor in hydrogen
bonding and folding of enzymes and amines are also key
components of ligands having speciﬁcity for the l, c, and
j opioid receptors.
Combinatorial library synthesis could be used to identify
distinctly diﬀerent ligands for related receptors such as l,
c, and j receptors. All of these three receptors belong to
the seven-transmembrane G-protein-coupled family of
receptors and have recently been cloned. Screening of the
same combinatorial library in separate assays provides
new ligands for these receptors and also yields insights into
the ability of library compounds to discriminate between
closely related receptors. Recently Houghten and co-work-
ers have reported on the synthesis and screening results of a
positional scanning mixture-based library of 34,012,070
chiral hepta-amines (general structure iii) in a radio-recep-
tor assay for the l opioid receptor.2
In this work, a hepta-amine library was generated follow-
ing exhaustive reduction of a hexapeptide library synthes-
ised from 18 naturally occurring amino acids. The library
methodology relied on positional scanning where onesub-library is produced for each variable position. In the
case of a single-position deﬁned positional scanning
library, each compound in a given mixture has a common
individual building block at a given position, while the
remaining positions are mixtures of all of the building
blocks used in the library. The sub-libraries for each posi-
tion represent the same collection of individual com-
pounds, and they diﬀer only by the location of the
deﬁned position. A library generated in this way was
screened in a l opioid receptor assay. A number of active
mixtures were identiﬁed upon screening, and deconvolu-
tion was undertaken to synthesise compounds as single
entities which then underwent re-screening. From this ap-
proach, one of the most potent compounds isolated was
(iv) with an IC50 of 13 nM against the l opioid receptor.2. A summary of the papers in this month’s issue
2.1. Solid-phase synthesis
A novel solid-phase synthesis of 4-biaryl-piperidine-4-carb-
oxamides has been developed using FDMP resin with a
carboxamide as the anchor point. With this approach,
three points of diversity were incorporated into a GPCR-
directed scaﬀold and ﬁnal products were obtained in good
purity and yield.3
The synthesis and puriﬁcation of two 22-residue cyclic
peptides, designed to fold into double-stranded antiparallel
b-helical structures has been described. The linear precur-
sors, expected to adopt preorganised conformations that
would bring the N and C termini close together and there-
by favor ring closure, were constructed by stepwise Boc
solid-phase peptide synthesis using the commercially avail-
able alkanesulphonamide ‘safety-catch’ linker.4
A method for the direct introduction of Aib-Pro into pep-
tides on solid phase by means of the ‘azirine/oxazolone
method’ has been developed. The method found a success-
ful application in the syntheses of diﬀerent Aib-Pro con-
taining peptaibol segments.5
The Scho¨llkopf methodology for the asymmetric synthesis
of a-amino acids, has been rendered suitable to the con-
struction of quaternary a-amino acids and applied to a
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protected (R)-a-alkylserines suitable for solid phase
synthesis.6
Oxadiazoles have been generated upon a dehydrative cycli-
sation reaction with 2-acyl hydrazides bound to a poly-
meric support via one of the N atoms and by using
TFAA as a dehydration agent.7
2.2. Solution-phase synthesis
The Suzuki–Miyaura coupling reactions of 3-bromo-
2(5H)-furanones with a variety of arylboronic acids,
promoted by microwave heating, has eﬃciently generated
3-aryl-2(5H)-furanones. This rapid process serves as the
foundation for a simple method to rapidly construct 3-
aryl-2(5H)-furanone libraries.8
A Zn(OTf)2-catalysed cascade reaction of anilines with
aromatic aldehydes and carbonyl compounds has been
described. This one-pot three-component reaction aﬀorded
the corresponding b-amino carbonyl compounds, b-amino
esters, and b-amino ketones in good to excellent yields, and
was also applied for the liquid-phase synthesis of b-amino
carbonyl compound library using PEG as a support.9
2.3. Scaﬀolds for combinatorial libraries
Tsc-protected e-amino acids, bicyclo[3.3.0]octane-5-amino-
1-carboxylic acids, ready to use in solid-phase synthesis,
have been prepared from 4,4-diethylcarboxylic bicyclo-
[3.3.0]oct-2-enone, which is available in bulk via the cata-
lytic Pauson-Khand reaction.10
2.4. Solid-phase supported reagents
No papers this month.
2.5. Novel resins, linkers and techniques
No papers this month.
2.6. Library applications
Among the known non-benzodiazepine hypnotic drugs,
Zolpidem, Indiplon and Zaleplon have shown high aﬃnity
and selectivity for the a1 subunit of the GABA-A receptor.
A recent paper reports the synthesis of a library of N-
substituted indoles and a library of N-substituted benzimid-
azoles based on related privileged structures.11
A directed library containing a 5-arylidene-2-thioxo-4-thia-
zolidinone core, a structure possessing features common to
ligands for the enzyme UDP-galactopyranose mutase
(UGM), has been prepared and oﬀers a blueprint for iden-
tifying inhibitors of the growing family of UGM homo-
logues and provides insight into UGM inhibition.12
A derivative library of one of the isoquinoline rings of the
protoberberine backbone has been screened in the search
for selective inhibitors of the MAPK kinase cascade.
HWY 5069 was discovered to be highly selective for Spc1and did not aﬀect the activity of other kinases in the
MAPK cascades of ﬁssion yeast and mammals, including
functional homologs of Spc1.13
Synthetic routes towards highly substituted eight
membered ring heterocycles fused to aryl rings such as
the dibenzo[b,f]azocine system are in short supply. A recent
paper describes a convenient convergent synthetic route
towards this heterocyclic class of compound with possible
variations at positions 4, 7, and 11. One member of a
library of dibenzo[b,f]azocines with diﬀerent substituents
at position 11 was identiﬁed to inhibit protein kinase A
(IC50 = 122 lM) but not protein kinase C.14References
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